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ABSTRACT

The Data Survey and Analysis task, under the Engineering Data
Storage and Retrieval (EDS&R) Project, screens, selects, gathers,
analyzes and develops information related to the storage and
retrieval of engineering data. These activities, directed toward
defining current, new and future systems of engineering data
storage and retrieval, have produced a series of publications

and reports, including a Master Index to Engineering Data Files
in 16mm Microfilm Format, a monthly engineering data systems
review, and a series of twelve technical notes covering specific
irvestigations of equipments (AMACUS, GESCAN, UNICON, DSI 400),
of techniques (converting file structures to binary coded micro-
film), of programs (the DOD Engineering Data Systems), and of
definitions and scope of the EDS&R Project. Conclusions and
recommendations are presented.
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1.0 Introduction and Summary

The Engineering Data Storage and Retrieval (EDS&R) Project is an
exploratory development project to define micrefilm storage and retrieval
systems usable throughout the U.S. Army by engineering perscnnel, The
initial system concept is microfilm oriented. It provides the means of
storing a wide variety of engineering data from diverse sources, permitting
exchange of engineering data between agencies. Additionml techniques and
applications are also used and evaluated. Future aspecls of the Project
recognize the pctential of data processing systems to acquire or process
data for conversion to microforms, and also the use of communication
techniques in engineering data exchange activities.

The Advanced System Concept and the Long Range System Concept of
the EDS&R Project concern the systems expected to evolve from the present
development project. The first uses existing equipments and procedures
for EDS&R, and the later is based upon equipment and procedures not cur-

rently within the state-of-the-art, but potentially adeptable to the EDS&R
Project.

These three aspects of the EDS&R Project, that of the present
systems, new systems, and future systems, rcquire a constant awareness of
equipments, systems, methcls and techniques. Specific information must
be gathered in selected areas, summarized and presented. The data survey
and analysis effort is directed toward this and.

A previous effort by Dataflow Systems Inc. identified various
collections of engineering data and information held in microfilm formats,
and recommended development of a "Master Index" to encourage the exchange
of these collections, The concept of a Master Index is an accepted part
of the EDS&R Project, and this contract has precduced such an index for
engineering data files in 16mm microfilm formats.

The larger objective of this contract, however, has been to
establish the techniques, methods, and systems necessary for all aspects of
the EDS&R concept. To accomplish this, a constant survey and analysis has
been made of the existing, evolving,and future technc.ogy relating to
engineering data storage and retrieval.

These efforts, under the direction of the Contract Project
Officer, have produced a series of Technical Notes summarizing various
efforts:
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- Definitions are always critical to a clecar understandinr.
Existing definitions were gathered and summarized in Techniccl Note 1, wnd,
in Technical Note 2, the scope and interest of the EDS&R Project was
defined with restect to these definitions as "bench engineering informstion'.

- The first commercial unit to incorporate a time-shared computcr
directly with 16mm microfilm was the DSI Microsearch LOO unit. Technicnl
Note 3 investigated the approach.

- Ultrafiche, a high-reduction-ratio sheet microfilm, offers
great compacting of data, and, at about one dollar per ultrafiche with up
to 3000 pages, offers some unusual economice. Technical Note 4 surveyed
the use of ultrafiche and its application to EDS&R systems.

- Technical Note 5 reviews the UNICON, a laser mass-memory
device with a trillion-bit capacity.

- The AMACUS combines data processing and microfilm technology
to modify existing aperture cards. The AMACUS and its application to
EDS&R is discussed in Technical Note 6.

- Computer-Output-Microfilm (COM) technology has great impact
on the engineering data field. These aspects and significant COM equip-
ment are surveyed and analyzed in Technical Note 7, and summarized in
Technical Note 8.

- The Engineering Data Systems program, under the DOD Standard-
ization Program, has produced little documentation for distribution via
the Defense Documentation Center. Technical Note 9 (in draft only) sum-
marized the Engineering Data Systems Program based on available information.

- Facsimile equipment, offering a new communication link be-
tween a central data bank and the user, was surveyed and summarized in
Technical Note 10.

- A specialized data storage and retrieval device, the General
Electric's GESCAN system, was reviewed in Technical Note 11l.



- Methods and techniques for converting existing engineering
files to binary coded microfilm were developed in Technical Note 12, with
special emphasis on the files, format, indexing structure, and physical
arrangement.

In the course of contract performance and othler professional
activities, many items related directly and indirectly to EDS&R came to
our attention. With some additional effort, they have been summarized and
published monthly in a "Monthly Review".

Other conclusions and recommendations note the need for continued
leadership in the area by the EDS&R Project. The need for analysis of
current, new, and future applications of information technology to engi-
neering data continues, and the EDS&R Project should actively participate
at all feasible levels. Communication between the users and producers of
engineering data technology must be increased through seminars, presenta-
tions, applications notes, and the trade literature., Methods and stand-
ards for system evaluatinn are needed. New application should look at
new technology areas, and in particular, new applications of EDS:? using
small computers and computer-output-microfilm should be given attention.

Much of the effort of this contract has heen reported in the
technical notes, the presentations, and the EDS&R Monthly Review. The
report which follows summarizes these efforts for the period from May
1969 to October 1970. Some additional items are currently in progress,
such as the listing of the DOD facsimile stations and equipments, and a
survey of standard microfilm containers, and although 0t com.leted, have
been reported informally and via the monthly progress reports to the
Contract Project Officer.



JL0 General Discussion

Mal The EDS&R Project

The Engincering Data Storage and Retrieval Project, under the
direction of the Commanding Officer, Picatinny Arsenal, ard sponsored
by the Chief of Army Research and Development, Information Systems Office,
Army Research Office, is a research and development project aimed at
developing better utilization of existing engineering data and informa-
tion. The EDS&R philosophy is that:

o Nothing is invented

o No data is created

o Utilization is made of existing hardware, data, data media
and procedures

o Applications reflect genuine problems

0 EDS&R applications must be recommended by the user, not by

the systems design people

Within this context, the EDS&R program is directed toward the
storage, retrieval, and exchange engineering data and information. The
terms “data' and "information" are used in the broader sense since the
philosophy is concerned with the media of storage and exchange more than
with the technical nature of the data or information.

al

2L Aims and Objectives of Data Survey and Analysis Effort

The primary thrust of the Dataflow Systems' effort has been to
identify, analyze, and recommend utilization of exisiing techniques,
methods, equipments, and data collections related to the EDS&R Project.
To accomplish this, a continuous ¢ rvey has been made of the information
systems field, selecting specific .tems for further analysis and comment.

The secondary objective, almost inherent to the first, is to
rclate the EDS&R concept to the real world. This has required the iden-
. tificatimn, collection and analysis of the factors and forces that bear
on the field of engineering information handling, both present and in the
future. This objective provides the basis for evaluating current activ-
ities within the EDS&R Project, and planning future programs. The area
of computer output microfilm is an excellent example of this activity.



2e¢3 Discussion of the Data Collection Techuniques

A key sspect of the data survey and analysis effort has been
to provide a current awareness function for the EDS&R Project. The in-
volvement of Dataflow System in other active ereas of information servicec,
such as professional seminars and market analysis, has complemented the
continuous review of current literature for items significant to the
project. These items were followed-up by personal interviews where pos-
sible, correspondence, telephone conversations, and presentations by
industry representatives. Further literature searching often provided
additional background material.

In other cases, such as for the Master Index and for the micro-
film container study, mail and telephone survey questionnaires were
utilized. Generally speaking, a combination of techniques most economical
of achieving the end objective were followed.

2.4 Delivery and Presentation of Materials

Technical Notes

As specific efforts were completed during the course of this
contract, the methodology used, the analysis made, and the results and
recommendations were presente’ as techrical notes. A total of 12 technicol
notcs were delivered, ranging from several pages in length to fairly major
efforts, such as the computer output microfilwm technical note, which cover-
ed 72 pages. The majority of these technical notes were further distrib-
uted by the EDS&R Project Office as interim reports. These notes are
iraividually discussed in Section 4.

The Master Index

The Master Index to cngineering data files in 16mm microfilm
formats was produced in both microfilm and hard copy formats. The 16mm
binary coded microfilm version was primarily an evaluation effort with
limited distribution to the EDS&R Project Officer and to the Engineering
Data Systems Office at the Army Missile Command at Huntsville, Alabama.

The paper copy version, derived from a reformatting of the microfilm camera
copy, is available through the Defense Documentation Center and the Clear-
inghouse for Federal Scientific¢ and Technical Information. Manual index
listings were produced and added to the paper copy edition.
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Presentations

Various presentations were made of different technical aspectc
during the course of the contract. The definitions developed in Technicul
Note 1, EDS&R Data Definitions, were presented and discussed with
rersonnel from engineering, standardization, and configuration management
functions at Picatinny Arsenal. The Master Index,in a binary coded 16mm
microfilm version, was presented at the Army Missile Command, Huntsville,
Alabama, and at Picatinny Arsenal. The Computer Output Microfilm
Technical Note was also presented at Picatinny Arsenal. In accordance
with the contract, 50 copies of the book version of the Master Index
were delivered, without format presentation,however, since close liaicon
had been maintained,

EDS&R Monthly Review

To meet the requirement for keeping the EDS&R task team inform-
ed on new developments in equipment and technology relevant to the project,
the "Monthly Review: EDS&R Technical Notes From Current Literature" was
initianted. This newsletter briefly reviews new equipment just entering
the market, new techniques using old equipment in different applications,
research and development projects that may lead to new technological
advances in the future, announcements of significant association meet-
ings, seminars or presentations, and citations of recent publications
or articles relevant to the project.

The EDS&R Monthly Review has proved to be quite popular, and
is redistributed as an "interim report" by the EDS&R Project. A total
of 15 monthly newsletters were produced, covering a dozen or so different
items each month.

Material is gathered by reviewing trade journals, from discussion,
conversations, and personal correspondence with the profession, and visits
to libraries for literature research.
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2.5 Recognition of the EDS&R Concept

During the course of contract performance, some 16 months, many
different activities within the field of information technology were con-
tacted. Support and cooperastion wis sought by explaining the EDS&R concept
and the contractual rclationship of DfS in gathering relative information.
In most cases, this cooperation was freely and readily given, and Df§ is
indebted to these organizations and people, Other scatter cases, however,
failed to respond and appropriate follow-up was nacessary. Never-the-less,
the widespread ~ontact of the DfS effort with activities external to the
Army has created an awareness of the Project which should make future
contacts progressively more responsive.

3.0 The Master Index

s Master Index to Englneerlng Data Files in Sixteen Millimeter
Microfilm Formats First edition. Datailow Systems Inc.
September, 1970,

The need for a "Master Index" to identify and describe available
engineering data files was one of the conclusions of a previous effort (see:
Nuclear Weapons Engineering Data System (NWEDS) Data Base Expansion. Final
Report. Dataflow Systems Inc., March, 1969). While the r‘port identified

_and described relevant data files, it was evident that additional effort

would be needed if an effective guide for the interchange of engineering
data within the DOD were to be developed.

This concept of a Master Index to encourage the interchange of
engineering data microfilm files was incorporated into the EDS&R Project
as a basic item, and the first paper copy edition was published under
this contract in September, 1970. The Project is vitally concerned with
the problem of duplicaticn of effort in the use and re-use of engineering
data. The development of the Master Index concept, then, is one method to
avoid costly and timee-consuming duplication of engineering efforts at one
location that have rlready been accomplished at another.

The initial identifying procedures had established that these
engineering data files would be roll or cartridge 16mm microfilm tc take
advantage of the ease of duplication and transfer of data on microfilm.
Letters and telephone queries were made to all originators of known files,
requesting that the information previously collected be updated, and index
terms suggested. The descriptions were revised accerdingly, and indexed
using standard vocabulary terms from the "Thesaurus of Engineering and
Scientific Terms" whenever possible, and adding terms as required.
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In Novembor, 1969, a test project was initjiated that produced
limitea number of cartridges of the Master Index on binary-coded 16mm
microfilm. This test film was distributed to selected users for evaluaticn
and testing. The film was produced using the Eastman Kodak MIRACODE
system. A comprehensive "Users Manual' was published to accompany the
MIRACODE cartridge and included detailed explanations of the special binary

coding and instructions on how to retrieve information on engineering dats
files from microfilm,

For the first edition of the Master Index in a document formst,
all previous file descriptions were again informally updated. The index-
ing and instructions were revised for manual searching.

The Master Index provides a consolidated reference to scientific
and technical data useful in the engineering environment and available
in 16mm micrefilm formats. Users desiring specific information can
determine if such information is within the scope of the indexed files,
where the file is located, and how it can be obtained.

Forty-five commercial and Federal engineering data files are
included in the first edition, arranged alphabetically by file title. The
individual files are indexed by producing activity and, more importantly,

by subject description. The following information is provided by each
file description:

File size and type

Arrangement of information and type of index

Security classification

File availability, noiving address and distribution source,
and restrictions, and zosts

Number of reels (cartridges)

Period covered, updating cycle

General subject content

Index terms

Local availability

A list of obsolete files is provided for those users who received
the test project index in the microfilm format. To encourage the addition
of new files and the updating of current ones, forms and instructions
are included to facilitate updating.




The contract requires that the Master Index be distributed to
the Defense Documentation Center (DDC). The Technical Abstract Bulletin
(TAB), issued by DDC, and the U.S. Government Research and Development
Reports (USGRDR), the announcement service of the Department of Commerce's
Clearinghouse for Federal Scientific and Technical Information (CFSTI)
will announce the Master Index and should help greatly to introduce the
Master Index to both the engineers and information specislists., Wide-
spread anncuncement should also encourage the identification and listing
of new files, The Mester Index will probably be updsted ard reissued on
a regular schedule by the EDS&R Project.

Consideration was given to future expansion of the Master Index
concept to include other programs and resources of engineering data and
information., These aspects can easily be incorporated into both book
and microfilm versions, requiring only proper design of the indexing
structure and file arrangement. Future evolution of the EDS&R Project
may take this course, particularly if the present Master Index develops
interest in such an underteking.

L,o Discussion of Technical Notes

Each of the technical notes prepared in the course of contract
are discussed, including comments on the methodology not necessarily
covered in the technical note itself, Requests for copies of the respec-
tive technical nctes should be addressed to the Commanding Officer,
Picatinny Arsenal, Attn:Code SMUPA-RT-E, Dover, New Jersey. The follow-
ing technical notes are summarized:

L.l Technical Note No. 1

EDS&R Data Definitions

"Engineering data' can mean many things to many pecple. The
term "technical data" is a broader term and both terms are lccsely used,
interchanged, and confused. The EDS&R Project, using the term engincer-
ing data in its title, suffers from this confusion. The term "data'" and
"information'! are likewise confusing, often interchanged, and usually
dependent more on the context of their use than upon absolute definition,
A better understanding of the EDS&R Project results if the term "engineer-
ing data "is more clearly set apart from the cther cefinitions of data and
information used in other contexts. The concept of data, as used in the
EDS&R Project, must be defined in terms related to the EDS&R Prcject's use,

O




This technical note explored the meaning of the phrase 'enginecr-
ing data" as used in the EDS&R title. It noted that the systems concept
was based on three elements for the data cnllections to be sto =:d:

—
.

They are microform, i.e., they may be visually perceived

ro

. They are usable throughout the Army
2. They are used by engineers and technicians engaged in

related efforts.

The key thought is to provide data and information of use to the
triue engineering function and not necessarily inherent to the logistics

or procurement functions.

Tho various definitions of engineering data and information
utilized .. the various Department of Defense instructions and Army
regulations were investigated. The relationships between these definitions,
and tl.e needs and intent of the EDS&R Project were noted. In particular,
meaning of the broader term '"technical data' in dates management direc-
tives and in configuration management was discussed.

Each directive, regulation, and instruction defines terms for
its own prupcse, These definitions are summarized and include:

Data (AR 70-45)

Information (AR 70-45)

Engineering Data (DOD INST 5010.17)
Engineering Information

Technical Data (DOD INST 5010.12)

Technical Information (DOD Glossary RTD-2)
Scientific Information (DOD Glossary RTD-2)
Scientific and Technical Infcrmaci.on (AR 70-45)

The note concludes that the standard accepted terminoclogy is
adequate to define the types of data, but the collective sources utilized
by EDS&R Project cannot be defined except by a functional concept ¢f input
to the engineering task. For purposes of this program, this input is
collectively called bench engineering information, and is defined:

Bench Engineering Inlo.mation is information and data used
by the engineer as scurce or reference material relative to his
engineering task.

10
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L,2 Technical Note No. 2

EDS&R Standardization Guide; Scope of Interest and Definitiorns

The definitions developed in Technical Note No. 1 were utilized
as the basis for this techniczl note, formslly preesenting the EDS&R scope
of interest and the definitions required for describing the project.

In particular, it noted the common characteristic of all EDS&R
data and information as existing engineering datz and information, produced
by some previous technical effort, and of potential use or value tc an
engineer as input to his engineering task.

The technical note reiterated the definitions developed in

‘Technical Note No. 1, and discussed the use of data and information in

related areas. The flow chart illustrating the scope cf EDS&R interests
was developed.

L.z Technical Note No. 3

Applications of The DSI Microsearch 400 System

The DSI Microsearch 400 system combined the existing technologies
of cartridge microfilm storage and retrieval and computer time-sharing.
At this time the systems are not being marketed as originally designedq,
and future developments are uncertain., The basic systems concept, hLowever,
is sound and still has many possibilities., The Microsearch 400 system
consisted of a DSI designed and maznufactured combination computer terminal
and automatic cassette microfilm reader interface, through an acoustic
coupler, with a time-sharing computer cperated by DSI.

The unique system features allowed the user to create indexes to
roll microfilm, to use COM generated roll microfilm with COM generated
indexes and have the computer store and retrieve from these indexes and
then automatically search the proper microfilm ressette for the correct
images. DSI also provided COM services to produce fully indexed data
bases on 16mm microfilm from a customer’s datua files. The microfilm was
stored in DSI manufactured cassettes and the computer instructed film
movement in the cassette to the correct frame.

11




DST manufucturing facilities' were visited in Rockville, Marylsnd,
by DfS personnel. The manufacturing of their own computer terminal and
microfilm reader, rather than adapting proven off the shelf items, may have
been a contributing factor to their financial troubles. The local
facilitics have been closed and a newspaper report states that DSI may
market their systems in conjunction with a Honeywell mini-computer. The
microfilm reader would be produced by another company and DSI would con-
cantrate on marketing the systems.

Several important features of the DSI Microsearch system warrant
review; indeed, other companies, such as 3M, are currently developing
systems along similar lines and utilizing similar ideas. A strong feature
of the DSI approach was the ability to create the microfilm data base
using COM techniques. Special software packages enabled DSI to simultane-
ously produce indexes and microfilm through the COM process. This
obviously saved the time involved in creating a separate index and assumed
accuracy. Another method of creating indexes began by numbering the
actual source document and then microfilming the document by conventional
means. The film was then run through the reader with the operator keying,
on-line to the computer, the exact frame number for the particular document.
This index is then merged with a previous index of subject terms, etc.,
for the source documents to create a complete computer index leading to
exact cassette and frame numbers.

The use of time-shared computer-generated and searchable indexes
to microfilm collections is a significant development and boost for the
use of microfilm as a medium for information storage and retrieval systems.
The DSI microsearch 400 System was one of the first of these systems to be
marketed, but will not be the last. The 3M Company plans to market their
system with its own "dedicated" minicomputer tied to their Page Search 400
reader/printer. With this type interest being shown by the microfilm
industry, new developments and systems should be even more promising.

L. 4 Technical Note No. &

Application of Ultrafiche to the EDS&R Project

While ultrafiche (very high reduction ratio microfiche) has been
produced by several companies on a commercial basis for some time, the
actual number of applications has been relatively small. With a usual
reduction ratio of 150:1 (as compared with 20:1, COSATI Standard, and
2h:1, NMA Standard for microfiche reduction ratios) a producer is able to
pack literally thousaids of pages of information on a single 4" x 6"
sheet of microfiche. National Cash Register Co. is the originator of the

12



ultrafiche, using the Photochromic Micro-Image (PCMI) syetem, and they
have been the most successful producer of ultrafiche applications to date.

Two large applications, that illustrate the advantages end
usefulness of ultrafiche, have been designed by NCR for the extensive
parts catalogs of the Ford Motor Company and Seurs, Roebuck andg Company.
Ford had formerly been using hard-copy catalogs, but, using ultrafiche,
the catalogs for &ll Ford divisions were reduced to just 6 sheets of PCMI.
Sears had been using a cartridge microfilm system when they switched to
PCMI and now have over 3,700 PCMI catalog sets and resders in use.

PCHI ultrafiche is produced originally from 35mm microfilm, which
is further reduced (using a very sophisticated step-and-repeat cemers)
by whetever reduction ratio is required, using 150:1 normslly, but can be
-as high as 250:1. Ultrafiche can be indexed by either a ccnventional hard-
copy index or, as in the case of the Ford Parts index, there is enough room
on the actual fiche (and there are so few individual fiche) that each
4" x 6" fiche is indexed internally.

The cost of producing each Master PCMI sheet can cost $85C or
more, depending upon the number of images transferred, and the step-and-
repeat camera that can handle the high reduction ratios ccst consideratle
more than $28,000.00 for conventional model. Add to this the increased
cost of ultrafiche readers (approximately 1/3 higher than conventional
microfiche reader) and a possible explanation for its limited use will te
evident. Recent announcements by the publishers of the Encyclopedia
Britianica, however, point out the future for ultrafiche. The compary
plars to market a series of 20,000 books on 3" x 5" ultrafiche fiche for
libraries. While the 3" x 5" format is nct at all within anybody's
standards, the promotional benefits of the program could well prcve
beneficial to entire microfilm industry.

Visits were made by DfS personnel to the NCR facility in
Bethesda, Maryland. Fiche developed for the Ford cataleg appiication were
inspected, and actual use was made of the system. The comments and evalua-
tion, however, were based upon the present philosophy of the EDS&R Project
of selected redistribution of engineering data rather than the large scale
micro-publishing best suited for existing ultrafiche technology.

4.5 Technical Note Nc. S

Review of the Precision Instrument Unicon Laser Mass Memory System

The Unicon nidensity ccherent light data processing system) design-
ed and marketed by Precision Instruments of Palo Alto, California is the
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first operational stornyge and retrieval device capable of maintaining over .
one trillion bits of binary information on-line to a computer system. The

vystem can be made compatible with any computer system; however, only the

larger systems can effectively accommodate the hiph data transfer ratec

capable with the Unicon system (4 megabits per second). The purchase price

of the Unicon system for approximatcly one million dollars is quite high,

however this breaks down to $.000001 per bit. This is by far the cheapest

storage available for computer data.

The Unicon system records data by etching "holes'" with a laser
beam into the metalic coating on Mylar tape "data strips'". Data is
retrieved by scanning these strips, again with the laser, but with a
different intensity beam. The etched holes tend to transmit rather than
reflect light. Each data strip stores almost three billion bits and can
be purchased for about $40. The standard system package utilizes 400
such strips on line. The on-line system configuration consists of two
rotating drums and a large cylinderical file for the 40O data strips.
Each drum may contain only data strip for actual operations. The on-line
storage capacity of one trillion bits may be supplemeated by any number
of data strips stored off-line from the computer system. When searching
operations are initiated, each of the drwas can retrieve and search any
one of the LOO data strips in the file. Overall system search speed may be
increased by staggering the drum operations; that is, one drum will be
searching an individual data strip while the other drum system is re-
trieving another strip from the cylinderical strip file. An integrated
minicomputer controls all searching and data transfer operations for the
Unicon system.

A major significaunce of the Unicon syatem to the EDS&R Project
lies in its unique ability to maintain massive volumes of data on-line
to a computer system at a very low cost per data bit. The drawbacks in
this system are its initial cost (about one million dollars) and like
microfilm, the fact that the data strips are not erasuble. When the
data to be stored is entirely alphenumeric, the data strips provide two
to three times more storage per dollar than densely packed 16mm cartridge
microfilm. The system is capable of storing the equivalent of about
7,000 of these densely packed cartridges on-line, or about 21,000 Miracode
cartridges indexed to an average depth of seven columns, and each data
item would be accessible from a CRT display or some other comnsole in less
than & seconds. Microfilm, however, is more economical for storing
graphic data. The Unicon system can be economically applied only where
tremendous volumes of machineable data require frequent searching. When
interfaced with other advanced information handling techniques, the Unicon
system could be used within the EDS&R Project to establish a tremendously
powerful scientific and engineering data retrieval system.
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The information for this technical notc ciume both from the
manufacturer's published material and from personsl conversations with
manufacturer's representatives. The Washington =nles manager made
presentation on the Precision Instruments system, and he was most
cooperative in answering all of our questions,

In the original technical note we pointed out that probably
the major drawback to the Unicon system wac the high (1 million dollnr®
initial purchase price for the 1 trillion bit confijuration. It is
interesting to note that since the technical note was released, Pracicion
Instruments has developed und will market a 10 billion hit storage cystem
cslled the 6214, This is completely compatible with the IEM 360 line,
and has the storage capacity of six 2314 disc pncks. This configuration
sells for 3360,000, or about one-quarter of the price of six 2214 disc
packs, and should find relatively wide usage in many larger computer
installations. If so, it may become the first commercizlly successful
optical computer memory device. Many computer expertc today believe that
optical memoriez will be the major memory system of the future. The
resultant lower cost for data storage will have tremendous impact upon the
data processing industry in general.

For EDS&R technology, it revrecents a large scale low-cost
storage capability for handling complcx indexes in time-sharing type
configurations. Conventional microfilm, using odometer or frame count
type locating, when coupled to computer index searching to provide frame
locations is a powerful storage and retrieval means for engineering type
applications.

4.6 Technical Note No. 6

An Investigation of AMACUS and Its Applications to the EDS&R
Project

MAMACUS is the acronym for the Automated Microfilm Aperture Card
Updating System. The function of AMACUS is to revise information stored
on microfilm aperture cards, without generating, modifying and refilming
the hard-copy representation. AMACUS was developed as a sub-unit to the
U. S. Army Weapons Systems Command (WECOM) Technical Data Package Automated
System (TEDPAS). The overall purpose of the TEDPAS Project is to develop
a total information system which will store, retrieve, up~date, snd re-
produce 35mm aperture cards comprising the Technical Data Package/Configura-
tion Management Documents for U.S. Army Weapons Systems Command mission items.
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Either graphic ur alphanumeric data on aperture cards may be
updated. Cards to be revised are optically scanned, digitized, and
displayed on a large CRT console. The operator may then revise the
displayed drawing using a light pen and alphanumeric keyboard. When
revision is complete, a new aperture card is generated for the modified
information. AMACUS was built by The Singer Company, Advanced Technology
Division. The system is currently operational and is managed by the
Management Science and Data Systems Office, Rock Island Arsenal, Illinois.

The major advantages cited for the AMACUS System are increased
speed in document revision ana elimination of the need for hardcopy files.
To operate the system, the operator inserts the aperture card to be
revised into the machine; the card is scanned by a CRT and the resultant
digitized information is stored on a memory drum in about 90 seconds.
When revision is complete, a new aperture card is generated as output,
also using CRT. Changes involving largely alphanumeric data require
nbout five minutes of processing time from card input to output; graphic
changes are much slower, with processing times ranging between 10 and 25
minutes.

The present AMACUS system has two major disadvantages; purchase
price is very high (about $550,000), and the quality of the revised
aperture card is degraded with every generation, or revision. There is
no ready method for restoring original drawing quality.

Severnl possible future configurations of AMACUS systems are
discussed in the technical note. All of these systems incorporate a laser
for scanning and creating new aperture cards rather than the current CRT.
This will give & higher resolution, however, the purchase price of future
systems will be approximately twice the price of the current system. The
high initial purchase price of the system results in what we believe to be
a very high unit cost per drawing revision. Thus, we believe AMACUS is
currently too expensive for use in the short range EDS&R Project but
should be considered, with technological developments, for future EDS&R
applications. '

4,7 Technical Notes Nos. 7 and 8

COM and Its Applications To The EDS&R Project

Technical Note No. 8 is a ten page summary of Technical Note
No. 7; with the exception of cne chart summarizing much of the original
data presented in Technical Note No. 7, there is no new material included
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in Technical Note No. 8. Thus, we have combined the discussion of the two.
The purpose of the original Computer Output Microfilm study, 7 chnical
Note No. 7, was to investigate and technically review the use <f computer
output microfilm (COM) techrigues in handling engineering data problems
relative to the EDS&R Projec -, and to recommend the necessary interfaces
with other areas in EDS&R. wpecifically, the study attempted to accomplich
the following five goals:

1. Determine the major manufacturers of CCH equipment, survey
the equipment, including thosc in cperation, available
software, and tape authorities.

2. Determine the typical service burcau availability of COM
equipment and services, determine the pricing structures,
special services offered, and data feedbacks required for
processing.

"7 "3.  Study the total data requirements for COM techniques
including the problems involved with interchanging COM
equipment from different manufacturers, methods and
problems of generating MIRMCODE on COM equipment, and
conversion problems encountered in using existing binary
and BCD tapes.

k. Compare COM techniques, problems, and expenses tc other
techniques for creating binary coded microfilm.

S Identify the methods and techniques required to use COM
techniques within existing EDS&R applicaticns.

Time considerations on this report did 1nnt permit an analysis
of 21l manufacturers of COM equipment. Therefore, we chose the products
of seven significant manufacturers for a detailed analysis. Reasons for
choosing these seven are discussed in the contents of thec technical note.
The systems selected for analysis are: Eastman Kodak's KOM-9C Microfilmer,
the 3M Electron Beam Recorder, Stromberg Datagraphix Micromatior Printer,
the RCA Videocomp System, the Datacom 600 System, the Singer/Link APD
5000, and Burroughs Systems. Sales revrecentatives from all of these
companies were contacted, and detailed disuussions were held with their
teohnical people. Much of our information on COM equipment and the industry
in general came from these conversations. We a1so contacted numerous
service bureau organizations in the Washington, D.C. and New York area to
learn of their origin, services and pricing structures. At the time of this
report, very little published information was available on computer output
microfilm techniques. Our findings and recommendations are presented in
the report summary below,
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Computer output microfilm (COM) recorders are devices which
convert data stored on magnetic tape to microfilm by recording the tape
data on the face of a cathode ray tube and exposing the film with this
image. COM techniques were developed to provide a high-speed computer
output in man-usable format. COM recorders arc 10-20 times faster than
mechanical printers, and microfilm reproduction costs are much lower than
paper reproduction costs. The speed and economy of COM recording and
reproducing means thot users can be given more information with less time
l:y* between generation and distribution.

COM units fall generally into three clasges:

1. Business Recorders ~ record alphanumeric data on 16mm
microfilm.

2. Scientific Plotters - plot graphics data on 35mm microfilm.,

3. Graphic Arts Recorders - provide high quality output for
offset reproduction,

A specific machine may fall into more than one class, and
numerous options are available for all equipment.

COM systems, as defined for this report, include the input device
(magnetic tape unit or on-line interface), control logic, recording unit,
and standard software. Seven specific COM systems were chosen to illus-
trate characteristics significant to potential users, and each system is
discussed in detail with respect to input requirement, output media and
microforms, and performance characteristics.

The potential COM user must assure that his data tapes are compat-
ible with the COM unit to be used in a given spplication. Many COM units
can accept tapes prepared for computer line printers; however, if retrieval
codes are to be used the tape must be formatted specifically for COM record-
ing. Tapes formatted for COM recording are generally not interchangeable
between different producers.

The most common retrieval method used on COM output is some form
of image count. The necessary indexea can be generated while the tape data
is being produced or formatted for COM recording. Miracode can be produced
by several business recorders, but it greatly reduces recorder throughput.
COM generated Miracode film differs from ordinary film in that the first
generation document image is positive (the CRT image is negative), while
the code bits are negative. Miracode produced on Kodak's KOM-90 may have
the code columns following the document they identify rather than preceed-
ing it. This requires a permanent modification to the readers for correct
retrievals.
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All methods for generating Miracode micrcfilm are discussed in

detail., Miracode can be generated by a)manual filming with planetary
camera, b) filming on 35mm, mounting on aperture cards, then converting
to Miracode, or c¢) COM recording. Planetary filming is most economical
for small documents already in formats acceptable for filming. Documentrn
larger than 11" x 22" must be filmed on 25mm and converted if the entire
image is to appear on one 1lémm frame. COM is the most economical meanc
for converting magnetic tape data to Miracodeu microfilm. Many service
bureaus offer COM recorder time based on a per frame charge varying from
$.20 - $.015 per frzme. Some of these service centers offer programming
and other systems assistance, many require the user to program and format
his own records and only provide the hardware,

The most immediate advantage of COM to the EDS&R P.oject will be
in converting existing alphanumeric cata bases on tape to microfilm. The
field of manipulating and generating graphics information is still in its
‘infancy; both hardware and software improvements must develop before such
techniques are economically practical.

We recommend further work to locate magnetic tape data sources of
interest to EDS&R, and a trial COM application to give EDS&R personnel
practical experience in generating and using converted data.

4.8 Technical Note No. 9

Department of Defense Standardization Program; Engineering Data

sttems

This technical note was circulated in draft form and never for-
mally issued, We were unable to collect sufficient information concerning
the various sub-elements of the EDS program, nor were we able to bring
information we had up to date. Information gathered was formatted and
presented as the draft note.

The Department of Defense Engineering Data Systems (EDS) is a
standardization program for systems, techniques and projects concerned with
a "unified and systematic method for the rapid handling of data needed by
the design and engineering function". EDS projects have spanned many
areas. The EDS, rather than being a single project or vrogram, is in
reality a number of independent efforts coordinated as the Department of
Defense's Engineering Data System. These various efforts have been
numbered as EDS projects, and of these, the EDSO009, developed by the Army
Migsile Command at Huntsville, Alabama, is probably the best known. Other
projects have been completed, some have been dropped, and some are continuing.
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e Department of Defense EDS program, originated in August of

Lo, has included o total of 63 projects, of which a dozen or so are
currently active, The history and general development of the program ic
Aiocusced In o the note followed by Jescriptions of the major EDS projects.

Thee purpore of the technical note was to identify and descrile
these various EDS projects. Distribution of the note via the Defense
Documentation Center and the Federal Clearinghouse for Scientific and
“echnical Information would have made the results of the EDS program to
the research and development Community. For example, of particular
interest to the research and development community are those projects
deeveloping holopraphy storage and retrieval equinment, and those applying
Iacer technolegy to engincering data handlinge. The EDSO009 Progrum of
coded microfilm for the senrching of design items continues to be signif-
icant for R&D engincers.,

As noted, the effort was severely hampered by lack of information.
The meeting notes through the yecar of 1965 were made available, however,
detniled information, or even generalized information, beyond that time
was not genernlly available. For example, we were unable to compile a
single consolidated list of all the projects to date authorized under the
EDS format. A search was made of the Defense Documentation Center for all
reports related to the EDS program. Visits and telephone calls were made
with the Department of Defense Technical and Data Standardization Policy
Office, The AMC Headquarters Office, and the standardization activities of
the Army Missile Command in Huntsville, Alabama. Distinct efforts were
made to track down all leads concerning the various projects identified.
These efforts were summarized in a data sheet for each project, showing
the EDS number, its name, starting date, assignee, last report date,
description and status, reports issued, and the current person to contact
concerning the effort. Only the earlier projects through 0009 are suf-
ficiently documented in the technical note.

The affort was not carried to completion because of insufficient
information made available. Accordingly, no distribution was made to the
Defense Documentation Center.

L,o Technical Note No. 10

Facsimile Equipment

The objective of this technical note was to determine commercially
nvailable facsimile equipment for transmitting over 3 kilocycle telephone
lines., The technical note consists of equipment description sheets arranged
by manufacturer giving pertinent performance, availability, and pricing data
for cach "off-the-shelf" type equipment or system. In total, about 30
systernc are represented.
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The following information is given for each system:

l. Manufacturer's name and address
2 The model number and system name

% Lines used--either direct dial or dedicated, and the
degree of conditioning

L,  Purchase price

5. Monthly rentals

6. The type of printing used for output
7. The resolution

8. The input and output paper sizes

9. Line coupler (an effort of inputting the facsimile
scanners output to the transmission line)

10, Available options with the system

Several directories were used to determine all manufacturers of
commercially available facsimile equipments. All manufacturers were
contacted by mail and requested to send all pertinent specifications and
literature for their product lines. Once this literature had been studied
and summarized, the manufacturers were again contacted, this time by
telephone, and requested to answer any remaining questions. Information
was then transferred to the equipment description sheets. The contractor
also attended several demonstrations of facsimile equipment in the Washington
area. The following manufacturers of facsimile equipment are represented
in the technical note:

1. %1den Electronic and Impulse Recording Equipment Company,
nce

2. Convacs Communication Corporation

3. Dictaphone Corporation

4, Electronic Image Systems, Inc.

5. Electronic Transmission Systems, Inc.

6. Graphic Sciences, Inc.

7. Graphic Transmission Systems, Inc.

8. 1International Scanatron Systems Corporation
21



e Litton Industries

1C. Mo navox Syctems, Inc.

11, Muirhead Inc.

1>,  Stuart Warner Corporation

15,  Telautograph Corporation

14,  Western Union

15. Xerox

Additional rescarch was conducted in this area to identify
techniques used to compress data in conjunction with facsimile transmission.
Current periodical and journal indexing services, Clearinghouse reports,
Defense Dncumentation Center, and other sources were queried. While a
creat deal of information is available in regard to coding techniques for
dnta and digital compression both before, and during transmission, little

relates to the facsimile field. Insufficient information was located on
the subject to form a basis for a technical report.

L.10 Technical Note No. 11l

The GESCAN Information Storage and Retrieval System

This technical note was requested by the Contract Project Officer,
and investigates a unique and interesting new product for information retrieval.
The new device is produced by General Electric Corporation and is called the
General Electric Rapid Search Machine, or GESCAN System. GESCAN is unique
because it is the only commercially available system today designed and
dedicnted solely to rapidly searching and retrieving data from magnetic tape
files. The device incorporates a parallel or associative process¢r to
perform the rapid search. This parallel processor can compare up to 80
characters of magnetic tape simultaneously to an 80 character search query,
rather than a character at a time as with a general purpose serial digital
computer. Using GESCAN, the full text of documents stored on magnetic tape
may be searched very rapidly; in fact, the full text may often be searched
facter than searching a directory of index terms and locating documents
with controlled vocabulary on a general purpose computer. Thus, for certain
types of documents, an added benefit of the GESCAN System may be the elimina-

.on of the initial indexing step in document storage.
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The GESCAN System is physically dividea into three gelf-contained
subsystems: The i1 jut-output control corcole, ihc associative procenser,
and the input magnetic tape drives. The input/output control console
consists of a cathode ray tube (CRT) display, n Inst, quiet, clectrostatic
printer, and a control keyboarda. All cearch queries and control functions
are performed at this console.

The magnetic tape transports prcvided by Gereral. Electric with
the GESCAN system are manufactured by Potter Instrument Company; however,
tape units from other manufacturers coula probavly be interfaced with
little or no trouble. Tapes used are standaru #" in width reccrded at s
density of 800 BPI, The tape unit transfers data from the associative
processer at a rate of 150" per second, or 120,3C0 characters per sccond.
The associative processer contains all logic anc perferms the szenrching
coperations. The full 2400 foot reel of magnetic tape contains over 23
million characters and may be searched completely in spproximately 3-4
minutes. There are very few restrictions placed on the tape record format
for the GESCAN system: tapes may be prepared on any digital computer
system or directly keyed for GESCAN operations. The GESCAN system sells
for $189,500 or may be leased from a third party with a maintenance contract
for about $5000 per month. The major advantage ¢f the GESCAN system is
that it can search and retrieve information from large randomly arranged
magnetic tape data bases faster and more economically than most any other
system. The major disadvantage of GESCAN is that it does not have the
capability for performing numeric searches of any kind other than direct
equality. One cannot search for numeric ranges, or for the value of some
parameter ''greater than" or "less than! the value of the search query.

Possible future GESCAN systems are far more interesting than the
present configuration. As is, the GESCAN system is compatible with the
computer environment; however, in the future a GESCAN system may be modifiec
to act essentially as a standard peripheral device. Thus, the general
purpese processor would perform all numeric searches and data manipulation,
the GESCAN would be used for file searching. Other possitle GESCAM configu-
rations are discussed in the text of the technical note.

In summary, the GESCAN system is not designed to retrieve the
type of numeric component data normally required by the 'workbench" engineer.
The system would be particularly useful in a large scientific or technical
information center, either to search full text on the original journal
articles or to search the abstracts of these articlcc. The mes® significant
aspect of the GESCAN system to the EDS&R Project may simply be the concept
that an associative processer which has the capabilities of searching
large i1iles very rapidly is now commercially available., General Electric
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_ments, indexing methods, and vocabulary structures, to determine the

currently plins to interface the GESCAN system with disc packs, minicomputcie,
ar«d remcte procescing devices. These future developments should be watcned
Jor their impact on the field of information retrieval.,

The intormation for thic technical note was derived from the
technical literature published by General Electric Company and from

percenal contact with the marketing and technical people responsible for
froduct npplications., The contractor attended a demonstration of the GESCAN
system fiven in Washington, D. C. in the summer of 1970, and was quite
impressed by the retrieval capabilities of the machine.

L1 Technical Note No, 12

Conver=ion of Existing Index Structures to Binary Code Microfilm

An analysis was made of various file structures, file arrange-

methode and techniques which could be used to convert existing files and
collactions of information to binary coded microfilm (BCM). It was realized

that these factors presented major problems in actually converting exist-
ing files to the EDS&R storage and retrieval media.

File arrangements present the greatest initial problem. If the
material cannot be legically grouped, conversion to BCM is somewhat in-
practical. File arrangements which group the document images, such as
subject {iling or hierarchical arrangements, are discussed, noting their
features relative to BCM conversion.

Index structures, likewise, present problems for conversion to
BCM if the indexing terms are not directly associated with the material
to be microfilmed or with the aperture card image. Files with associated
indexes are converted without major manipulation, but usually additional
indexing is required to give the depth search capability which maskes BCM
practical. Files with independent indexes, on the other hand, require
major data marnipulation to incorporate the index information back with
the respective material.

The standard methods of generating BCM give some flexibility for
converting the larger and more complex files, and computer techniques of
serting, reformating, and generating BCM numeric indexing are discussed.
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Specific solutions for handling complex vocabularies by calculated false
retrievals, structured vocabularies by cartridge grcups, and generation
of a master search index for total {ile search, are develcped.

Conclusions are that existing files with materials logically
grouped by subject matter, descriptive attributes expressed in numbers
or ranges, and with existing indexes capable of association with the
material, are best suited for binary coded microfilm cenversion,

5.0 Summary, Conclusicn and Recommendations

5.1 Summeary

) The Dataflow Systems' activities have provided selected screening
and analysis functions for the EDS&R project. Our vista of information
technology has been broad, and many diverse activities have beer. sampled

and noted. Urder the direction of the Contract Project Officer, selected
areas have been gnalyzed to give insight and prospective views relative to
the EDS&R goals. Through this means, the paths to the gosls may be meodified
or selected, and even the goals themselves evaluated in face of changing
technology and needs.

The preceeding technical notes have presented and analyzed T
various techniques. The Master Index has become a specific embodimert
of the EDS&P philosophy of maximum reuse of data and information through
exchange programs. The EDS&R Monthly Review has brought items of interest,
with appropriate comment, to the attention of meny sssociated with the
EDS&R Project. These items were sometimes peripheral to engineerirg
data, but the trends and progress they rerresent are sigrificant tc the
EDS&R effort.

In total, the Data Survey and Aualysis effort have served as a
commuiiication link between the world of information technology and the
EDS&R Project. It has both gathered and distributed information. In
doing so, it has helped make the information community aware of the -
EDS&R concept, and the EDS&R management aware of the changing technology R
and important trends. This awareness is vital to the philosophy noted :
in section 2.1.

5.2 Conclusions

If any single item can be concluded from our efforts, it must
be that the EDS&R Project is and will be irnfluenced by changes in the
field of information technology. Within this field, we see the greatest




rotentinl impact from areas which couple the logical search capatility
of the computer witi. the graphic storage capability of microfilm.

OU particulsr note is the potentisl of the mini-computer to
became -u:. economic rart of on-site storage and retrieval systems, and
tlie coupling of videe techniques with both microfilm and computer
techinology to provide the "erasable media' aspects.

In the microfilm area, 16mm cartridge based systems will
continue to grow, particularly in the technical information areas.
Binary coded microfilm, as it is presently constituted, does rnot
arpear to be a widelv accepted media, but new advances expected in
the field could have major impact in the future. 16mm image-count type
Systems arc becoming popular, but we do not see a large growth in this
area vs. conventional 16mm systems. We see, however, major commercial
effort in all areas of l6mm microfilm systems, and more and more this
is becoming the wave of the future.

The rapid growth of the number of computer-ocutput-microfilm
manufacturers indicates a sound technology and a large rrojected
market for the devices. As noted in our Technical Note 7, possibly
the greatest significance of COM to the EDS&R Project is the coupling of
systems and computer personnel to the technology of microfilm. The
many marriages may not be always successful, but the spawning of new
advances ir information techrology is sure to result. COM applications
already are making computer data ecoromically available where before
the simple cost of printing a data base has kept valuable data in an
urreadable format. Future production of sophisticated data listings
and indexes, possibly coupled to binary coding, will have continued
impact in the EDS&R Prcjiect.

Communications technology and economics of communicating may
likewise cause major re-evaluations of EDS&R system configurations. The
ircreased use of facsimile equipment will make any remote location
servicabie from a central storage and retrieval point. Other EDS&R
Project activities are active in this area. Our initial analysis
indicates that such arrangements are ecoromically feasible for small
user groups when compared to normal alternatives.

Engireering data exchange, as a concept,appeals to many, but
ocur survey activities have indicated little support from the originators
or holders of files. Gernerally speaking, their missions do not include
distritution ¢f their collected data and information, and many collec=-
tions are net particularly packaged with instructions, indexes, and
necessary guides reaquired for the uninitiated to use the collections.
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Both private and government sectors have shown a reluctance to
release information for unrestricted government usa. There appears to
be an unspoken fear that the informatiorn may be improperly used or used
in some way not t their benefit. This is not a nrew problem, but it can _
be reduced by a becter understanding of the EDS&R goals by the contributor. .
The activities of this contract have greatly assisted in this understanding. :

5.3 Recommendations

Our conclusions have noted the evolving technical develcpments
that have great potentiasl in solving some of the bssic problems of
engineering data storage and retrieval. The major attertion of the
recommendations that follow sre based upon exploring, testing and evalus-
‘ting these developments.

1. The EDS&R Project should continue and incresse its active
participation in engineering areas related to data storage and retrieval.
Greater emphasis should be placed upon roting, describing, and evalua-
ting existing and new applications of data storage and retrievel techniques.

|
I RETTO
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8. A series of VEDS&R Application Notes'", including
appropriate evsluations, should be issued by the Project. These notes
prepared by originators, sponsors, or developers of these applications,
or by the Project itself, could cover either equipments, systems or
specific problem areas in erngineering data storage and retrieval.

.

b. Commercial producers of equipments of poterntial use
in the EDS&R area should be encouraged to prepare similar notes.

C. A summary of existing engineerirng data programs and
activities within the Department of Defense should be made and published.

2. Specific applications for EDS&R evaluation should be
encouraged, and the EDS&R Project should provide the leadership in brirng-
ing technology to bear on existing EDS&R requirements.

f-J il il of il el

a. The EDS&R requirements, and specific description of
problems, shculd be gathered and publicized io the information techrology
community in the form of a seminar ani :zyrropriate written material.

edakul

b. The ergineering managers should be made more aware
of the potential solutions available for their problems. The better
solutions shouldbe presented to them, and applications encouraged and,
if necessary, in part supported by the EDS&R Project.

et gsiae i ddlhe
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Co In particular, applications using data processing
techniques in active conjunction with microfilm should be given great
attention because of their potential.

2 We recommend expansion and ercouragement of all activities
that tend to communicate the goals and accomplishments of the EDS&R Project
to the engineering community, whether government or private.

fe Appropriate reports, summaries, or other material
of a technical nature should be announced and made available through
the Defense Documentation Center.

b. The trade literature related to the EDS&R area should
be actively encouraged and used to communicate to the engineering
community, via contributed articles, interviews, and press releases.

C. Seminars and presentations of EDS&R technology,
applications and problem areas should be considered as potential means
of communicating to both the users and producers of EDS&R technology.

d. The "EDS&R T.:chnical Notes from the Current Literature"
should be continued with expanded distribution.

L, The Master Index to Engineering Data Collections in 16mm
should be updated, and any exchange of engineering data noted.

5. Additional analysis, development, and description should
be made of various systems configurations which can serve data and
informatior needs via combinations of centralized or decentralized
indexing and centralized or decentralized document storage. In particular,
centralired index searching from a remote location coupled with facsimile
transmission configurations should be investigated and evaluated.

6. The EDS&R Project should develop evaluation procedures
for various engineering data systems so that economic trade-offs may
be meaningful. We recommend that basic units of measurement, such as
cost per search or cost per record stored, be specified, and procedures
for making these measurements developed.
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7 Microfiche is a well accepted microfilm media for DOD
technical reports whilz aperture cards are widely used for storing and
retrieving engineering data and drawings. We recommend that applications
concerning improved methods, techniques and equipment for microfiche and
aperture card storage and retrievel be supported and documented by the
EDS&R Project, and used for making EDS&R Project comparisons. We recom-
mend that the EDS&R Procject reduce development of binary coded microfilm
systems based upon existing commercial equipments, and investigate similor
applications using other techniques. The present equipment and configura-
tions are well tested and known, while the potential of alternative ap-
plications and techniques could be considered in greater depth.
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